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(57) A portable telephone of the present invention 
detects a load fluctuation in real time to compensate the 
fluctuation when a load of an antenna fluctuate sharply. 
Characteristic curves of power efficiency and a gain of a 
power amplifier are described on the Smith chart with 
the curves superimposed thereon. An existence area of 
an operating point of an ampliTier on the Smith chart Is 
estimated on the basis of a measurement result of a 



Vdd 



cunent and/or a gain of an amplifier. Then, a direction of 
the fluctuation and a level of the fluctuation of Input 
Impedance of an amplifier are judged by employing 
impedance information of the Smith chart. Then, a vari- 
able load circuit is controlled so as to compensate the 
fluctuation. 
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Description 
Technical Raid 

5 [0001 ] The present invention relates to a transmitter and a receiver. More particularly; the present invention relates 
to a portable transmitter and a portable receiver enployed for mobile communication. Background Art 
[0002) One example of a configuration of a radio transmitter is illustrated in FIG. 1 1 . Such a conflgumtion of the 
radio transmitter is described In. for instance, FIG. 3 of the Japanese Patent Application Laid-Open No. HEl 7-254864. 
[00031 In a radio tranOTitter of FIG. 1 1 , a mixer 1 1 0 converts an intennediate-frequency amplified signal (IF) into a 

10 high-frequency signal (RF) by mixing a local osciltatlon signal (Lo) with the intermediate-frequency amplified signal (IF). 
The high-frequency signal is amplified by a drive amplifier 120 and a power amplifier 130. 
[0004] A coupler 1 40 branches a part of an output of the power amplifier 1 30 to supplies to a detector 1 60 for mon- 
itoring a level. 

[0005] An isolator 150 possesses a function of penniting an electromagnetic wave in one direction to be passed 
75 through the isolator 1 50 Itseff without damping the electromagnetic wave, while the isolator 150 possesses a function 

for absori^ing power of the electromagnetic wave in an opposite direction of the above one direction. According to the 

function, it is prevented that signals received by antennas 180a and 180b enter into the power amplifier 130. 

[0006] Further, since the isolator 150 exists, even though a load of the antennas 160a and 180b fluctuates, the 

power amplifier 130 does not receive a bad influence thereof, thus operation of the power amplifier 130 does not 
20 become unstable state. Further, deterioration of S/N of an output signal of the power amplifier 130 is prevented. 

[0007] The antenna duplexer 170 switches transmission to reception and vice versa with respect to at least one 

antenna element. 

[0008] As described above, in the radio transmitter illustrated in FIG. 1 1 , it is possible to stabilize a characteristic of 
the power amplifier 130, since the isolator 150 is provided for the radio transmitter. However, the isolator 150 causes a 

25 power loss and increase of an occupied area of circuits. 

[0009] Consequently, it is necessary to increase an output level of the power amplifier 130 beforehand in anticipa- 
tion of the loss. As the output level of the power amplifier 130 is increased, power consumption of the power amplifier 
130 is also increased, and an amount of distortion of the power amplifier is also Increased. 
[0010] When the isolator 150 is removed, a problem of a power loss or a problem of an occupied space is solved, 

30 however, in the meantime, un-stabillzation of a characteristic of a power amplifier Is brought. Particularly, in the case of 
a mobile terminal such as a portable telephone, a usage environment is changed variously, the loads (loads of anten- 
nas 1 80a and 1 80b) of the power amplifier fluctuate easily in company with change of the usage environment 
[001 1] For instance, when a telephone apparatus body is brought close to the human body, or when the apparatus 
body is employed on a metallic desk, capacitive coupling Is Induced between an antenna of a portable telephone appa- 

35 ratus and a human body, or the metallic plate, so that a load of a transmitter fluctuates largely. 

[0012] Such load fluctuations induce mismatching of Impedance between an antenna and a transmission signal 
path, so that It causes unnecessary reflected waves. Accordingly, a VSWR characteristic of an antenna deteriorates 
with deterioration of communication quality. 
[0013] Furthermore, a similar problem occurs also In a recehrer. 

40 [0014] The present invention is achieved to overcome such problems. Accordingly, an object of the present inven- 
tion is to provide a transmitter and a receiver in which a fluctuation of a toad is suppressed without employing an isola- 
tor, and to realize low distortion, low power consumption and reduction of occupied space with respect to a transmitter 
or a receiver. 

45 Disclosure of invention 

[0015] In a transmitter and/or a receiver of the present invention, physical quantity with respect to an amplifier, 
namely fluctuation of current amount and/or a gain of the amplifier is detected, so that an existence area In which an 
operating point of the amplifier exists on the Smith chart Is estimated on the basis of the physical quantity. According to 
50 this operation, a direction of the fluctuation and/or a level of the fluctuation of a load (output impedance of amplifier) of 
a transmitter, and/or fluctuation of a noise factor or so forth become clear 

[001 6] Namely, it is possible to detect a fluctuation of a load of a transmitter and/or a receiver in real time by using 
a simple method of detecting a fluctuation of cun-ent amount and a gain of an amplifier. 

[0017] Then the transmitter and the receiver adjust a value of a load of a variable load circuit to cause Impedance 
55 of either an input side or an output side of an amplifier to be varied. Namely, the transmitter and the receiver perform a 
idnd of negative feedback control so as to suppress a fluctuation of the impedance with respect to output Impedance of 
the amplifier. 

[001 8] Accordingly, the fluctuation of the load of the transmitter and the receiver is relieved, thus sharp deterioration 
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of communication quality is avoided. Consequently, it becomes possible to remove an isolator. Consequently, it is pos* 
sible to reduce an occupied area of circuits. Further, it is possible to reduce power consumption of a circuit 
[001 9] Furthennore, since compensation in real time against fluctuations of a load of a transmitter Is perfonned, a 
characteristic of a power amplifier is stabilized. 
5 [0020] For instance, in one aspect of a transmitter of the present invention, a fluctuation of impedance of a trans- 
mitter is detected from a fluctuation of an operating current and a gain of an amplifier, then the fluctuation of the imped- 
ance is conrected In real time. Accordingly, it is possible to obtain a stabilized characteristic, thus the isolator becomes 
unnecessary. 

[0021 ] Furthennore, in another aspect of a transmitter of the present Invention, a variable gain ampfif ier is arranged 
TO before a power amplifier. When control information of the variable gain amplifier is utilized, it is possible to know a level 
of an input signal of the power amplifier accurately. For that reason, a gain of the power amplifier can be known accu- 
rately. Accordingly, detection accuracy of a fluctuadon of a load of a transmitter is improved. 
[0022] In another aspect of a transmitter of the present invention, the transmitter estimates an existence area in 
which an operating load point exists on the Smith chart, and which adjusts a load of a variable load circuit in the direc- 
ts tion to relieve the fluctuation of the operating load point. 

[0023] Namely, according to the Smith chart, a locus of a complex Impedance of a load can be found. Accordingly, 
an existence area in which an operating point exists after fluctuation on the Smith chart is estimated from a cun^nt and 
a gain of an annplifier. Then, the transmitter and the receiver adjusts the variable load In the direction to compensates 
the fluctuation. For that reason, it is possible to realize excellent impedance matching between an antenna and com- 
20 munteation transmission path by using a circuit with simple configuration. 

[0024] In another aspect of a transmitter of the present invention, a variable load circuit connected in parallel to a 
signal line is provided to adjust impedance of a transmitter 

[0025] Input-output impedance of a portable telephone easily fluctuates due to the affection of capacitlve coupling 
between an antenna and the human body and so forth. However, when a transmitter of the present invention is 
25 employed, also in a portable telephone, it is always possible to obtain a stabilized communteation characteristic. 

[0026] In an a^ect of a receiver of the present invention, the receiver detects a direction of a fluctuation and a level 
of fluctuation of Input Impedance of an amplifier included in the receiver on the basis of a cun-ent consumption of the 
amplifier. Then, the receiver adjusts a load of a variable load circuit so as to compensate fluctuations of input imped- 
ance of the amplifier. 

30 [0027] An amplifier placed on an initial stage of a receiver, partteuiariy a low noise amplifier is sensitive to a fluctu- 
ation of input impedance, thus the characteristk: of the low noise amplifier Is easy to fluctuate due to a affection of the 
fluctuation. Accordingly, stabilization of input impedance with the negative feedback control employed in the present 
invention is effective. Accordingly, it is possible to stabilize a reception characteristic of a portable telephone. 
[0028] Communication apparatus provided with both of the transmitter and the receiver of the present invention Is 

35 always capable of securing excellent transmission and reception because perfomnance Is stabilized. 

Brief Description of Drawings 
[0029] 

40 

FiG. 1 is a block diagram of a principal section of a receiver according to an embodiment 1 of the present Invention; 
FIG. 2 is a circuit diagram illustrating a specific configuration example of a prindpal section of a variable load circuit 
and a control circuit in the embodiment 1 ; 

FiG. 3A is a view illustrating a position of an operating load point (before fluctuation) on the Smith chart in the 
45 embodiment 1; 

FIG. 3B is a view Illustrating a position of an operating load point (after fluctuation) on the Smith chart In the embod- 
iment 1; 

FIG. 4 is a block diagram Illustrating a configuration of a principal section of a receiver according to an embodiment 
2; 

50 FIG. 5 is a view illustrating positions (before fluctuation and after fluctuation) the operating toad points on the Smith 
chart in the embodiment 2; 

FIG. 6 is a block diagram illustrating a configuration of a principal section of a receiver according to an embodiment 
3; 

FIG. 7 is a view illustrating positions (before fluctuation and after fluctuation) the operating load points on the Smith 
55 chart in the embodiment 3; 

FIG. 8 is a block diagram illustrating a configuration of a principal section of a receiver according to an embodiment 
4; 

FiG. 9 is a block diagram illustrating a configuration of a principal section of a receiver according to an embodiment 
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5; 

FIG. 1 0 Is a flowchart for explaining procedure for suppressing load fluctuation of the transmitter and the receiver 
In the present invention; and 

FIG. 11 is a block diagram iilustratlng a configuration of one example of a conventional transmitter 

5 

Best Node for Carrying Out ^e Invention 



[0030] Embodiments of the present invention wili be described specifically below with reference to aoconDpanying 
drawings. 

10 

(Embodiment 1) 



[0031] RG. 1 1s a block diagram illustrating a configuration of a principal section of transmitter of an embodiment 1 . 
[0032] This transmitter is, for instance, included in a portable telephone. As illustrated in FIG. 1, the transmitter 
15 comprises a mixer 1 1 for converting an intemiediate frequency signal (IF signal) into a high-frequency signal (RF sig- 
nal), a drive amplifier 12 for amplifying the RF signal, a power amplifier ( power amplification circuit) 13. an antenna 
duplexer 1 7 and a plurality of antenna elements 1 8a and 1 8b. 

[0033] The transmitter further comprises a current detector 21 for detecting cun^nt consumption (operating cun^nt 
Idd) of the power amplifier 13, a variable load 19, and a control circuit 20 for controinng a load switching of the variable 

20 load 1 9 on the basis of a detecting level of the current detector 21 . 

[0034] Unlike the conventional example, the present embodiment is not provided with the isolator. 
[0035] In the present embodiment, an ampfifk^ation factor of the mixer 11 and an amplification factor of the drive 
amplifier 12 are adjusted Into constant values respectively. Accordingly, a voltage level of an input signal of the power 
amplifier 13 is controlled into a predetermined level. Consequently, it is possible to find a gain of the power ampfifier 13 

25 by detecting an output level of the power amplifier 13. 

[0036] A specific characteristic of the power amplifier 1 3 is largely affected from a characteristic of a load of an out- 
put side. Consequently, according to uses of a power amplifier, a load characteristic of an output side need to be 
adjusted accurately beforehand. Specifically, in the case of the portable telephone, the load characteristic is varied 
sharply caused by capacitive coupling and so forth between an antenna and the human body described-above. Accord- 

30 Ingiy, the control circuit 20 controls (for Instance, switching to control) the variable load 19 so as to compensate the 
sharp variation. 

[0037] FIG. 2 Is a circuit diagram illustrating a configuration example for peri'omiing switching control of a load. 
[0038] Die current detector 21 for detecting operating cunrent amount of the power amplifier 1 3 includes a resistor 
R4 for cun^entA^oltage conversion and a voltage measuring unit 30. A detection signal of the voltage measuring unit 30 
35 is supplied to the control circuit 20. 

[0039] A switching circuit 23 of the control circuit 20 compares a predetennined threshold value with a level of a 
detected output of the voltage measuring unit 30, and switches a switch to connect a terminal SI or S2 acconiing to the 
comparison result. 

[0040] When the switch is connected to the temninal SI, an NPN transistor Q1 in the control circuit 20 is tumed 
40 OFF, while when the switch is connected to the terminal S2. the NPN transistor Q1 in the control circuit 20 is tumed ON. 
[0041 ] When the NPN transistor 01 is OFF, an electric potential of both ends A and B of a diode D1 within the con- 
trol circuit 19 is fixed into Vdd, thus the diode D1 is OFF state. In this state, the variable load 19 is high-impedance state 
(open state) in view of the signal line L1 , consequently an output load of the power amplifier 13 is not affected at all. 
[0042] Here, In the switching circuit 23, when the switch Is connected to the tenmlnal S2, the NPN transistor 01 
45 turns ON. Then an electric potential of a cathode (point A) of the diode D1 becomes approximately OV. A fixed voltage 
Vdd Is a voltage of more than 0. 7V. Accordingly, tiie diode D1 is subjected to forward bias, allowing the diode D1 to con- 
duct, thus a load 24 is connected in alternative cunrent fashion to the signal line LI through DC-cutting capacitors CI 
and C2. Accordingly, the load of the power amplifier 1 3 is varied. 

[0043] For instance, connectlon/non-connection between a plurality of loads with different capacitance and signal 
so lines is switched appropriately by switching circuits. For that reason, It is possible to vary a value of the load of the var- 
iable load circuit 1 9 so as to compensate a fluctuation of a load (load of transmitter) of an output side of the power ampli- 
fier 13. 

[0044] Here, there is a problem that how to detect a direction and a level of tiie fluctuations of the load of the output 
side of the power amplifier 13. 
55 [0045] Hereinafter, the description examines this point 

[0046] When the load of tiie transmitter fluctuates, a characteristic Hself of the power amplifier 13 is varied while 
being affected by the fluctuation. When the fluctuation of the characteristk: is superimposed on the Smith chart to exam- 
ine, It is possible to estimate a direction of variation of a toad (namely, increase or decrease) and a level of the fluctua- 
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lion of the load. 

[0047] FIG. 3A and FtG. 3B are views illustrating a mutual relationship among respective characteristic lines of a 

gain (in drawings, refen-ed to as "Gain") of the power ampRfier 1 3, power efficiency (refenred to as "eff^ and a distortion 

characteristic of signals (refenred to as ■ACP") on the Smith chart. 
5 [0048] Namely, concerning the power amplifier 13, a relationship between impedance (toad) of an output side and 

respective characteristics of a gain, power efficiency arid a distortion characteristic is investigated beforehand. It is 

assumed that a relationship illustrated in FIG. 3 Is obtained as a result of the above-described Investigation. 

[0049] In addition, the 'gain' of the power amplifier 1 3 is a ratio of an input voltage level to an output voltage level. 

[0050] Further, the 'power efTtciency' is a ratio of an input power to an output power against current consunoption 
10 of the power anrtplif ier 1 3. The "power efficiency" Is represented by a following expression (1 ): 

"power efficiency" = (output power - input power) / (Vdd x Idd) (1) 

[0051 ] Here, Vdd is a power-supply voltage, and Idd is an operating cun^nt of the power amplifier. 
IS [0052] Moreover, the "input power" of the power amplifier is an effective value of a voltage of an input signal. Ampli- 
tude of a base band modulation signal is fixed. When a voltage gain of the drive amplifier 12 arranged in front of the 
power ampfifier 13 is fixed, power of the input signal of the power amplifier 13 is detenmined with the only one value 
given in accordance with the above state. 

[0053] Moreover, in the present embodiment, it is assumed that the 'output power* of the power ampRfier 13 is 
20 fixed. 

[0054] A level of an input signal of the power amplifier is a fixed level as described above and the level is known. 
Further, an output level of the power amplifier is fixed. Furthermore, a power-supply voltage Vdd is also known. 
[0055] Consequently, as is dear from the expression (1), the 'power effteiency" can be regarded as a function of 
the Idd (current consumption). Namely, when a value of the current consumption Idd is known, the power efficiency (eff) 
25 also can be known. 

•[0056] Further, the distortion characteristic (ACP) is a synonym of adjacent-channel leakage power. Namely, the 
ad|jacent-channel leakage power is a ratio of power of a transmission signal to power of signal which is induced to a 
frequency band con^sponding to an adjacent channel according to an output of the transmission signal. 
[0057] The smaller is a value of the adjacent<hannel leakage power (distortion characteristic: ACP), the larger is 
30 distortion quantity of the transmission signal. 

[0058] Here, it is assumed that a present operating load point is a point of "A". In this case, the "power efficiency 
(eff)" is not less tiian 20%, the "gain" is not less than 1 0dB, further, the 'ACP (distortion)" Is not more than -50dB. 
[0059] Here, it is assumed that the operating point is shifted to a point 'B" according to load fluctuations as illus- 
trated In FIG. 38. 

35 [0050] In this case, the 'ACP (distortion)" becomes not more than -40dB, thus tiie distortion increases sharply, in 
the meantime, the "power efficiency (efO' becomes not less than 30%, thus the "power efficiency (efQ' is incraased. As 
is known from the above-described expression (1), an increase of the "power efftoiency (eff)" means that, namely, the 
cun'ent consumption idd of the power amplifier is decreased. 

[0081] Consequently, in a circuit illustrated In FIG. 1 , when the current detector 21 detects quantity of the cun'ent 
40 (idd)» it is possible to estimate that current amount of the control circuit 20 is decreased and an operating point of the 
power amplifier exists In tiie neighborhood of bounds of "B" on the Smith chart from degree of a decrease of cunrent 
quantity. 

[0062] Since the Smith chart represents a locus of a complex impedance (or admittance) of a signal line, when a 
fluctuating diraction of an operating point and rough fluctuation quantity are known, fluctuations and degrees thereof 
45 regarding the Impedance are known. Accordingly, the control circuit 20 switches to control ttie variable load 1 9 so as to 
compensate fluctuation of the impedance (load). 

[0063] Thus, even though the transmitter is not provided with an isolator, it is possible to estimate a direction and a 
level of load fluctuations when the current consumption of the power amplifier is only detected. Then, the load of the 
output side of the amplifier is controlled so as to compensate the fluctuations. 
50 [0064] As described above, a specific characteristk; of tiie power amplifier is stabilized, thus resulting in occun^nce 
.of no problem. Further, this disposition can be realized by using a relatively simple circuit. Accordingly, it is possible to 
reduce occupied area of a circuit, and decrease power consumption of a circuit 

(Embodiment 2) 

55 

[0065] FIG. 4 Is a block diagram of a transmitter according to an embodiment 2. In FIG. 4, the same reference signs 
are added to the common part of the circuit of FIG. 1 . 

[0066] A configuration of the transmitter of FIG. 4 is fundamentally the same as tiie circuit of FIG. 1 . However, in 
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FIG. 1 . the transmitter is provided with the current detector 21 , while, in FIG. 4. different point is that the transmitter is 
provided with a level detector 1 6 for detecting an output level of the power amplifier 1 3 in stead of the cun^nt detector 
21. 

[0OB7] The level detector 16 functions to detect power of an output signal while performing detection of the output 
5 signal of the power amplifier 1 3. 

[0068] As illustrated in FIG. 5, when an operating load point has shifted from *A* to 'B* on the Smith chart, a distor- 
tion (ACP) of signals is Increased sharply. 

[0069] On this occasion, a gain of the power amplifier 1 3 increases from not less than 1 0dB to not less than 1 1 dS. 
Consequently, when the operator watches the gain of the power amplifter 13, it is possible to estimate a direction and 

w a level of the toad fluctuations. 

[0070] Accordingly, in a transmission circuit of FIG. 4, the transmitter causes a part of an output signal of the power 
amplifier 13 to branch off from the output signal by a coupler 14, and a voltage level (namely output power) of the 
branched signal Is detected t>y the level detector 16. When an output level of the power amplifier 13 Is known, a gain of 
the power amplifier 13 is known because an input voltage level Is fixed. 

15 [0071 ] The control circuit 20 detemnlnes the fluctuation of the operating load point according to the fact that the gain 
of the power amplifier 13 has increased sharply, followed by switching to control the variable toad 19 so as to compen- 
sate the fluctuations. According to tills disposition, the same effect as the embodiment 1 is obtained. 

(Embodiment 3) 

20 

[0072] FIG. 6 is a block diagram of a receiver of a present embodiment. 

[0073] A fundamental configuration of the receiver in the present embodiment is the same as that of the above 
described embodiment However, present embodiment differs from the previous enibodiment in that the present 
embodiment uses the current detector 21 and the level detector 16 at the same time. 
25 [0074] Namely, the previous embodiment estimates whether an operating load point exists in which position on the 
Smith chart while employing either a cun-ent of the power amplifier or a gain of the power amplifier. 
[0075] However, accuracy of the estimation is not always high by employing any one parameter of the two. Accord- 
ingly in the present embodiment, both physical quantity (parameters) are employed. 

[0076] For instance, when a state of a load of an output side is estimated from only a variation of a gain of the power 
30 amplifier, it is impossible to discriminate between an operating load point "B" and an operating load point "C" of FIG. 5. 
Because Vne two load points have a point in common in that tiie both gains are not less than 1 1 dB. 
[0077] Accordingly, both the cun^nt detector 21 and the level detector 1 6 are employed at the same time. As illus- 
trated in FIG. 7, it is possible to estimate an existence extent (exi^nce area) of an operating load point more finely due 
to combination of two parameters of a cun^nt and a gain of the power amplifier. 
35 [0078] Namely, as illustrated in FIG. 7, a relationship between respective a current of the power amplifier (namely, 
"power efficiency'), a gain and a distortion of a transmission signal (ACP), and a value of a load of an output side of the 
power amplifier is investigated beforehand, and the infonnation is recorded on the Smith chart Accordingly, an area on 
the Smith chart is divided into 1 1 pieces of area of "W1 to W1 1" on the basis of two parameters. 
[0079] Thus when an area is divided finely on the Smith chart, it is possible to detect the operating load points "B" 
40 and "C on the Smith chart as the operating load points cleariy distinguished. Accordingly, detection accuracy of the 
load fluctuations is improved. For that reason, accuracy of control of the variable load 1 9 for compensating tiie fluctua- 
tions is improved. Further, a specific characteristic of an output load of tiie power amplifier is more stabilized. 

(Embodiment 4) 

4S 

[0060] FIG. 8 is a block diagram of a receiver of an embodiment 4. 

[0081] A fundamental configuration is the same as that of the previous embodiment However, in the present 
embodiment, a gain control amplification circuit (variable gain amplifier: GCA) 22 is provided in front of the power ampli- 
fier13. 

50 [0082] Further, gain control information of the variable gain amplifier 22 is employed as auxiliary infomiation when 
the "power efficiency (eff)" of tiie power amplifier 13 is found, so that it is possible to perform cateuiation of the 'power 

efficiency (eff)" accurately. 

[0083] Namely, the "power efficiency (eff)' of the power amplifier can be found by the above-described expression 
(1). Consequentiy, when the 'power efficiency (eff)" is found, an input voltage of the power amplifier should be known. 
55 [0084] However, in a system vi^ose dynamic range is broad such as a communication apparatus of a CDMA sys- 
tem, usually, a level inputted to the power amplifier is varied, tiius in some times, it is difficult to know actually the input 
level accurately. 

[0085] Accordingly, when information of a gain control voltage of the variable gain amplifier (GCA) 22 provided 
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before the power amprifier 1 3 is employed, it is possible to know an input voltage level of the power anplifler 13 accu- 
rately. 

[0086] Further, an output level of the power amplifier 1 3 is detected by the level detector 1 6 of FIG. 8. Furthermore, 
an operating current (Idd) of the power amplifier 13 can be known from the current detector 21 of FIG. 8. 
5 [0087] Accordingly, the 'power efficiency (eff)' of the power amplifier 13 can be found accurately. Consequently, a 
position of an operating point on the Smith chart can be estimated more accurately. 

[0088] Further, since an Input voltage and an output voltage of the power amplifier 1 3 are detected accurately, also 
a *gain" of the power amplifier 1 3 can be detected accurately Accordingly, when two kinds of information of the 'power 
efficiency (eff)' and the 'gain*, it is possible to estimate a position of an operating load point on the Smith chart more 
10 accurately. 

[0089] According to this disposition, it is possible to perform switching control of the variable load 1 9 more exactiy. 
(Embodiments) 

15 [0090] FIG. 9 Is a block diagram iilustrating a configuration of a principal section of a receh/er according to an 
embodiment 5. 

[0091 ] As illustrated in FIG. 9, the receiver has a mixer 1 1 , an antenna duplexer 1 7, antenna elements 1 8a and 1 8b, 
a variable load 1 9, a control circuit 20, a cun'ent detector 21 and a low noise amprifier (low noise drcuit) 23. 
[0092] The low noise ampPifier 23 amplifies signals received by the antenna elements 18a and 18b. A noise factor 
20 (NF) of the low noise amplifier 23 Is varied largely according to a load characteristic of an input side. Since the noise 
factor of the low noise ampliffer largely affects reception performance of a receiver, it Is Important in a portable tele- 
phone and so forth that a receiver causes an input load characteristic to be stabilized. 

[0093] The low noise amplifier 23 has a specific characteristic that an operating current (current consumption) is 
varied in accordance witii a state of an input side load. A fluctuation of a load characteristic of an input side of the low 
25 noise amplifier 23 is detected from a variation of an operating current of tiie low noise amplifier 23 in the same way as 
the previous embodiment while utilizing such characteristic. Then, the control circuit 20 switches to control the variable 
load 19 so as to compensate the fluctuations. 

[0094] According to this disposition, although when a load characteristic of an antenna is varied, a noise factor 
characteristic (NF) of the low noise amplifier is stabilized, an effect that ft is always possible to realize an excellent 

30 reception state is obtained. 

[0095] Communication apparatus (in particular, portable apparatus) which has both of a transmitter and a receiver 
of the present invention, altiiough a load fluctuation of an antenna occur, it is always possible to obtain stabilized trans- 
mission/reception. Further, since an isolator can be removed from a transmission circuit, it Is advantageous in that an 
occupied area of a circuit Is reduced. 

35 [0098] Procedure for compensating fluctuations of loads of a transmitter and a receiver is illustrated in FIG. 1 0 while 
employing two kinds of infonnation of a cun-ent consumption and a gain of an amplifier. 

[0097] Namely, information of power efficiency (eff) of an amplification circuit or a specific characteristic of a gain 
on the Smith chart Is obtained beforehand (STEP 50). Then, an operating current (current consumption) of the amplifi- 
cation circuit is detected, followed by obtaining power efficiency (efO of the amplification circuit on the basis of the 

40 detected current value (STEP 51). 

[0098] Further, a gain of the amplification circuit is detected (STEP 52). Then, an existence area of an operating 
point of the amplification circuit on the Smith chart is estimated (STEP 53). Next, a direction and a level of fluctuations 
of an impedance of either an input side or an output side of the amplification circuit are detected (STEP 54). Then, a 
load value of a variable load circuit Is adjusted so as to compensate the fluctuations of the impedance (STEP 55). 

45 [0099] As above, the embodiments of the present invention are described. Howerver, the present invention is not 
limited by these embodiments. Various modifteations and application are possible. 

[0100] For instance, in a mobile communication system such as a wide-band CDMA (W-CDMA) system, in frequent 
cases, transmission and reception are periomned at the same time. In the state where transmission and reception are 
performed at the same time, it is also possible to compensate fluctuations of an input load characteristic of a low noise 
50 amplifier for reception while employing infornnation of a current consumption and a gain detected by an power amplifier 
for transmission. 

[0101] As described above, according to the present invention, a fluctuation of an output load and/or an input side 
load of an amplification circuit is obtained by utilizing a representative parameter (physical characteristic) of the ampli- 
fication circuit, and then, negative feedback control is performed to stabilize a load characteristic to the fluctuations. 
55 Accordingly, it is possible to obtain a stabilized transmission/reception characteristic. Further, as a transmitter, there is 
an effect that an isolator can be removed. 

[0102] This applk^ation is based on the Japanese Patent Application NO. HE! 1 1 -95425 filed on April 1 , 1 999, entire 
content of which is expressly incorporated by reference herein. Industrial Applicability 
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[01 03] As described above, the present invention is particularly useful while applying to a transmitter and a receiver 
In mobile communication. 

Claims 

5 

1. A transmitter comprising: 

a power amplifier that amplifies a high-frequency signal; 

at least one variable load circuit connected to an output terminal of said power amplifier: 
10 a control circuit which detects a direction and a level of fluctuations on the basis of at least one of an operating 

cunrent and a gain of said power amplifier when a load state of an output side of said power amplifier fluctuates, 
and which adjusts a toad of said variable load circuit so as to compensate the fluctuation; and 
at least one antenna element for transmitting a signal amplified by said power amplifier. 

15 2. A transmitter according to claim 1, wherein said control circuit estimates an existence area in which an operating 
point of said amplifier exists on the Smith chart, and adjusts the toad of said variable load circuit so as to alleviate 
a fluctuation of the operating point. 

3. A transmitter according to claim 1, wherein said variable load drcuit is provided between said output terminal of 
20 said power amplifier and a reference electric potential. 

4. A mobile communication apparatus mounted with a transmitter according to claim 1 . 

5. A transmitter comprising: 

25 

a gain conti'ol amplifier which is capable of controlling a gain with a gain control signal; 
a power amplifier for further amplifying a signal amplified by said gain control amplifier; 
at least one variable toad circuit connected to an output temninal of said power amplifien 
a control circuit that detects a direction as well as a level of fluctuations on the basis of at least one of either an 
30 operating current or said gain control signal in said gain control amplifier when a load state of an output side of 

said power amplifier fluctuates and adjusts a load of said variable load circuit so as to compensate fluctuations 
of a load state of said power amplifier; and 

at least one antenna element for transmitting signals amplified by said power amplifier. 

35 B. A transmitter according to claim 5, wherein said control circuit estimates an existence area in which an operating 
point of an amplifier exists on the Smith chart, and which adjusts a load of said variable load circuit so as to alleviate 
fluctuations of the operating point 

7. A transmitter according to claim 5, wherein said variable toad circuit is provided between said output terminal of 
40 said power ampfifier and a reference electric potential. 

8. A mobile communication apparatus which is mounted witii a transmitter according to dalm 5. 

9. A receiver comprising: 

45 

an antenna element for receiving transmitted signal; 
an amplifier for amplifying a signal received by said antenna element; 
at least one variable load circuit connected to an input terminal of said amplifier; and 
a control circuit which detects a direction and a level of fluctuations on the basis of an operating current of said 
50 amplifier when a load state of an output side of said power amplifier fluctuates, and which adjusts a load of said 

variable load circuit so as to compensate fluctuation of a load state of said power amplifier. 

10. A mobile communication apparatus which is mounted witii a receiver according to claim 9. 

55 1 1. A metiiod for compensating a fluctuation in a toad of an input side and/or a load of an output side of an amplifier 
comprising the steps of: 

obtaining information on a characteristic of either power efficiency or a gain of said amprifler on the Smith chart 
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beforehand; 

detecting an operating current of said amplifier and obtaining said power efficiency by employing the detected 

cunrent value; 

detecting the gain of said amplifier. 
5 estimating an existence area in which an operating point of said ampfifier exists on the Smith chart by employ- 

ing the detected power efficiency and gain; 

detecting a direction and a level of a fluctuation of impedance of either an input side or an output side of said 
amplifier on the basis of infonnation on the existence area of the estimated operating point; and 
adjusting a ioad value of a variable toad circuit connected to either an input terminal or an output terminal of 
10 said ampRfier so as to compensate ttie fluctuation of said impedance. 

12. A method for compensating a fluctuation of a load of an input side and/or a ioad of an output side of an amplifier 
according to claim 1 1 . wherein said method utilizes the cun'ent value of said amplifier, and also gain control infor- 
mation on a gain control amplifier provided before said ampFifier in order to obtain power efficiency of said ampfifier. 
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